Two pots experiments were conducted, during two successive winter seasons of 2016/2017 and 2017/2018, to test the role of biofertilizer inoculations (arbuscular mycorrhizal fungi, AMF; Bacillus megaterium, B. megaterium; and their mixture) in improving growth and quality of lettuce (Lactuca sativa L. cv. Balady) under different levels (0, 100, 200 and 300 ppm) of lead (Pb). The results illustrated that the growth and quality of lettuce were greatly affected by the escalated levels of Pb in soil. Clearly, the increased levels of Pb decreased plant growth parameters, the contents of macronutrient and micronutrient as well as photosynthetic pigments, but increased the contents of Pb in the different parts of lettuce plants. Among the tested biofertilizer inoculations, the combined inoculation (AMF + B. megaterium) showed superior effects for increasing plant growth, contents of nutrient and photosynthetic pigments. AMF and the combined inoculation treatment exhibited an equal efficiency for reducing the content of Pb in the old and new leaves (edible parts) of lettuce plants, while B. megaterium showed the best performance in reducing the content of Pb in lettuce roots. Our study suggested that the combined inoculation (AMF + B. megaterium) is an effective tool for improving growth and quality of lettuce in high-contaminated soil with Pb.
INTRODUCTION
Lettuce (Lactuca sativa L.) is one of the most common leafy vegetables worldwide and considered as a major dietary source for vitamins and nutrients with low calories (Rubatzky and Yamaguchi, 2012) . Vegetable crops are the target of a wide range of pollutants that affect growth and yield. Heavy metals are among common pollutants that affect plants with a major public health risk, especially in developing countries (Flora et al., 2012) .
Heavy metals are elements that characterized by relatively high atomic weight or atomic numbers, greater than 20, and high relative density (Raskin et al. 1994) . Some of these metals are required in small quantities by plants such as nickel (Ni), cobalt (Co), copper (Cu), iron (Fe), manganese (Mn) and molybdenum (Mo). However, the excessive levels of these elements in soils can become harmful for plants. Other heavy metals such as lead (Pb), cadmium (Cd) and mercury (Hg) do not have any beneficial effect the living organisms and they are very harmful for both plant and human (Chibuike and Obiora, 2014) .
Lead impairs seed germination, plant growth, seedling development, cell division and chlorophyll production (Gupta et al., 2009; Maestri et al., 2010; Pourrut et al., 2011) . This metal is widely used in many industrial processes and is existed as a contaminant in all environmental compartments (water, soil and air) (Pourrut et al. 2011) . The prominence of environmental Pb contamination due to both its persistence and its numerous sources such as burning of fossil fuels, use of fertilizers and pesticides in agriculture, mining and smelting of metals, sewage sludge, municipal waste disposal and production of batteries (Punamiya et al. 2010; Chibuike and Obiora, 2014) . The standard limit of Pb in vegetables is 0.3 mg/kg as reported by FAO/WHO (2014) . In Egypt, high levels (higher than the allowable limit) of Pb in vegetable crops were observed in different places. For instance, Abdel-Rahman et al (2018) tested the levels of Pb in three common consumed vegetables (tomato, potato and cucumber) collected from four governorates (El-Faiyum, Giza, Alexandria and Cairo) with high populations. The study showed that high levels of Pb in potato and cucumber were noticed in some places. In another study by Eissa and Negim (2018) , the levels of Pb in lettuce and spinach plants grown in Assiut governorate were also higher than the allowable limit. Overall, Pb is one of the greatest widespread contaminant in soils and frequently encountered by plants (Pourrut et al. 2011) .Therefore, the development of a remediation strategy for metal polluted soils is urgent for human health and environmental conservation (Chibuike and Obiora, 2014) .
Different methods of remediating metal polluted soils were investigated, that including chemical, physical and biological methods. The physical and chemical methods (e.g. Stabilization, encapsulation and soil vapor extraction) are greatly expensive and make the soil, improper for plant growth (Marques et al. 2008; Chibuike and Obiora, 2014) . On the other hand, bioremediation or biological method is an environmentally friendly method because it is achieved by natural processes with less cost compared with other remediation techniques (Chibuike and Obiora, 2014) .
Bioremediation of heavy metals in the polluted soils can be achieved by microorganisms or plants (Phytoremediation). During bioremediation, heavy metals transformed to become either less bioavailable or less toxic due to a change in their oxidation state (Garbisu and Alkorta, 2003) . Phytoremediation is the direct use of plants for accumulation of heavy metals in the roots and shoots (Chibuike and Obiora, 2014) . These plants usually possess a high ability to tolerate high levels of heavy metals that may lead to metal accumulation in the harvestable part and may result in contamination of the food chain (Marques et al., 2008) . Therefore, alternative methods are needed.
Arbuscular mycorrhizal fungi (AMF) have been used in many remediation studies and the obtained results show that AMF employ different strategies for the remediation of heavy metal-polluted soil. For example, while some studies have shown that AMF store metals in their vacuole or chelate them in cytoplasm (Zhu et al. 2001; Ouziad et al. 2005) , others reported that AMF enhanced nutrient and water acquisition for plant growth and increase the plant resistance to diseases, all are believed to support plant growth in polluted soil (Cardoso and Kuyper, 2006; Chibuike and Obiora, 2014) . The inoculation with AMF decreased the content of Pb in sweet basil leaves (Elgharably and Allam, 2013) , black locust leaves (Yang et al. 2015) and marigold. (Tabrizi et al. 2015) .
Bacillus megaterium, generally considered soils microbe, is of particular interest as bacteria-assisted remediation of metal-polluted sites (Esringu et al. 2014) . Saleem et al., (2007) reported that B. megaterium have the advantages of being tolerant for the high-stress environment in soil and have the capacity to resist pathogens and enhance plant growth under adverse conditions. The inoculation of tomato and garlic with B. megaterium increased plant growth, yield and P contents (Turan et al. 2007; Brengi et al. 2018) . Also, B. megaterium ameliorated the negative effects of Pb toxicity in Brassica napus plant (Esringu et al. 2014) and decreased the content of Pb in the edible parts of leafy vegetables (Wang et al. 2006) .
Although microorganism-assisted remediation has been investigated, there is little information on the potential advantage of using combined microorganisms (species) for remediation of heavy metal-polluted soil. Therefore, the current study was conducted to investigate the potential use of AMT and B. megaterium as a tool for reducing the content of Pb in lettuce plants growing under escalated levels of Pb.
MATERIALS AND METHODS Growing conditions and treatments
The current study was conducted at Bader, Beheira Governorate, Egypt, during the two successive winter seasons of 2016/2017 and 2017 / 2018, to test the effect of arbuscular mycorrhizal fungi (AMF), Bacillus megaterium (B. megaterium) and the mixture between them on the growth and quality of lettuce (Lactuca sativa L. cv. Balady) under different levels (0, 100, 200 and 300 ppm) of lead (Pb), used as lead acetate. Lettuce seedlings, purchased from a local nursery, were transplanted into plastic pots (30 cm diameter and 35 cm height), filled with 10 kg of sandy soil, and placed in the open field condition. Prior to transplanting, the physical and chemical characteristics of the used soil (Table 1) were analyzed as described by Jackson (1958) in both seasons of study.
Each experiment includes 16 treatments which are the combinations between four levels of Pb (0, 100, 200 and 300 ppm) and four treatments of biofertilizers (AMF, B. megaterium, AMF+ B. megaterium and non-biofertilized soil). The biofertilizers were applied during the transplanting of lettuce seedlings with equal doses. Additional agricultural practices were conducted when it was necessary and as recommended by the Ministry of Agriculture and Soil Reclamation for the commercial production of lettuce in sandy soil. , plant height by cm plant -1 and number of leaves per plant) were recorded immediately. The lettuce roots were carefully unglued from the pots and washed three times with tap water followed by fresh distillate water. To obtain the shoot dry weight, fresh shoots samples were oven dried at 70°C for 48h and the dry samples were ground for the nutrient contents analysis. Photosynthetic pigments are estimated according to Davis (1976) using fresh tissues from lettuce leaves. Kjeldahl method was used to determine the content of N in lettuce leaves samples according to Nelson and Sommers (1982) , and total P was analyzed by spectrophotometry after an open digestion according to the methods described by Jackson (1958) . The contents of K, Ca, Zn, Mn, Fe and Pb in the dried lettuce tissues were estimated by the wet digestion method and analyzed using atomic absorption spectroscopy (Cottenie 1981) .
Statistical analysis and experimental design
The experimental design, in the current study, was split plots in a randomized complete block design. The levels of Pb arranged in the main plots and the biofertilizers treatments were randomly placed in the sub-plots. Nine replicates (pots) for each treatment were applied with one plant for each pot. For Statistical analysis, CoStat software program (Version 6.4, Co Hort, USA, 1998 -2008 was used for all the obtained data. Means were compared using least significant difference (LSD) test at p <0.05.
RESULTS AND DISCUSSION

Growth of lettuce plants
The statistical analysis reveals that the lettuce growth parameters, except the number of leaves, were significantly affected by the Pb concentrations, biofertilizers inoculation and their interaction, in both seasons (Table 2 ). The escalated levels of Pb significantly reduce the shoot fresh and dry weights as well as plant height in comparison with the control in both seasons, where the highest level of reductions were observed with 300 ppm of Pb. The reduction in plant growth due to Pb application is in agreement with the findings of Brengi (2008) in common bean (Phaseolus vulgaris), Akinci et al., (2010) in tomato (Solanum lycopersicum) seedlings and Lamhamdi et al ., (2013) in spinach (Spinacia oleracea) plants. Chibuike and Obiora (2014) reported that the plant growth reduction have been attributed to both direct and indirect effects of heavy metal which sometimes results in the death of plants. Direct toxic effects include damage of plant cell structures due to oxidative stress, inhibition of cytoplasmic enzymes and inhibition of photosynthesis as well as chlorophyll synthesis (Sandalio et al. 2001) . On the other hand, some of the indirect effect is decreasing the absorption of the essential nutrient for plant (Chibuike and Obiora 2014) Regardless to the Pb treatments, our data showed that the applications of all the biofertilizer inoculations, significantly increased the shoot fresh and dry weights as well as plant height of lettuce, comparing with the control, in both seasons of the study ( Table 2 ). The highest values of shoot fresh and dry weights were observed in lettuce plants treated with the combined inoculation (AMF + B. megaterium). These increases were estimated by 12.27 % and 10.57 % for the shoot fresh weight, with 12.9 % and 13.38 % for the shoot dry weight, over the control (without biofertilizer) in first and second seasons, respectively (Table 2 ). For the plant height, all bio-fertilizers inoculations revealed comparable values, except B. megaterium treatment which showed less value for the plant height, compared with other bio-fertilizers in only the second season. Harrier and Watson (2004) showed that the AMF, in general, increase the plant resistance to diseases, the acquisition of water and nutrients uptake, thus help for enhancing plant growth. Also, Esringu et al., (2014) reported that B. megaterium is stimulating plant growth by improving soil properties and enhancing availability of nutrients.
The interaction effects on the lettuce growth parameters, for both seasons, were presented in Table 2 . The highest values for shoot fresh and dry weights were observed with lettuce plants that treated with 0 ppm of Pb and the mixed inoculation (AMF + B. megaterium) in both seasons. However, the highest values for plant heights obtained with the lettuce plants that grown in 0 ppm of Pb and inoculated with all biofertilizer treatments. Our results showed that, in some cases, the biofertilizer inoculations under different levels of Pb exhibited improving in lettuce growth against the corresponding control (Table 2 ). For example, the inoculations with AMF or the mixed inoculation treatment increase shoot fresh weight, shoot dry weight and plant height under 300 ppm of Pb in comparison with the treatment of 300 ppm Pb+ no biofertilizer (corresponding control), in the first season.
The content of photosynthetic pigments
In our study, the results showed that the different levels of Pb, biofertilizer inoculations and their interaction significantly affected the photosynthetic pigments (chlorophyll a (ch a), chlorophyll b (ch b) and carotenoids) in both seasons of the study (Table 3 ). The increased levels of Pb significantly decreased the leaf contents of ch a, ch b and carotenoids, relative to the control treatment. The highest level of Pb (300 ppm) was found to induce the highest reductions in photosynthetic pigments in both seasons. These results are in line with those of Lamhamdi et al., (2013) who reported that the escalated levels of Pb in soil reduce the contents of photosynthetic pigment in wheat (Triticum aestivum) and spinach leaves. Liu et al., (2008) reported that, the degradation of photosynthetic pigments is a well-known symptom of lead toxicity due to the increase in chlorophyllase activity. Also, the reduction in photosynthetic pigments, under Pb stress, may result from a decreasing in the amount of thylakoids or grana and change of chlorophyll structure due to replacement of Zn, Mg, Fe and Mn by Pb (Sengar and Pandey, 1996; Akinci et al. 2010) . Among the treatments with different biofertilizer inoculation, the mixed inoculation (AMF + B. megaterium) exhibited the highest contents of (cha), (ch b) and carotenoids in lettuce leaves, with no significant differences for the values of (ch b) content which were observed with B. megaterium in both seasons ( Table 3 ). The treatment with AMF showed photosynthetic pigment contents in lettuce leaves similar to the control. In our study, although the application of AMF did not show a positive effect on the pigment contents, some previous studies indicated that AMF induces accumulation of those pigments in some leafy vegetables such as lettuce (Baslam et al. 2011) and spinach (Khalid et al. 2017) .
The combinations between 0 ppm of Pb and all biofertilizer inoculations exhibited comparable values for the photosynthetic pigments in both seasons (Table 3) . Under Pb stress conditions, in few cases, the inoculation with biofertilizers showed positive effects on the pigments content relative to the corresponding control. For instance, the application of the mixed inoculation (AMF + B. megaterium) enhanced the contents of (ch a) of lettuce plants submitted to 100 ppm Pb, in both seasons, comparing with the treatment of 100 ppm Pb+ no biofertilizer (corresponding control). Also, the all tested biofertilizer applications were found to increase the (ch b) content in lettuce plants that are stressed with 200 ppm Pb, relative to the treatment of 200 ppm Pb+ no biofertilizer (corresponding control), in the second season only (Table 3) . However, most combinations between different levels of Pb and biofertilizer inoculations did not show any change in the content of the photosynthetic pigments against the corresponding controls. The contents of macronutrient and micronutrient
The contents of the tested macronutrient (N, P, K and Ca) and micronutrient (Fe, Zn and Mn) in the lettuce leaves were significantly affected by the different levels of Pb, biofertilizer inoculations and their interaction, in both seasons (Table 4 and 5). Our data also showed that the increased levels of Pb significantly decreased the contents of macronutrient and micronutrient in the shoots of lettuce plants, whereas the highest reductions were observed with 300 ppm Pb (Table 4 and 5). Multiple studies showed that the macronutrient and micronutrient uptake by plants is affected by the presence of Pb in different plant species (Paivoke, 2002; Malkowski et al. 2002; Gopal and Rizvi, 2008; Pourrut et al. 2011; Lamhamdi et al. 2013 ). For instance, Pb exposure decreases the content of nutrients in Spinacia oleracea (Lamhamdi et al. 2013) , Raphanus sativus (Gopal and Rizvi 2008) , Solanum lycopersicum (Akinci et al. 2010) , Zea mays (Malkowski et al. 2002) and Pisum sativum (Paivoke, 2002) . Pourrut et al., (2011) suggested that the decreased uptake of nutrient in the presence of Pb may result from changes in physiological plant activities and/or the competition between the nutrients with atomic size similar to Pb. Sharma and Dubey (2005) reported that K ion and Pb have similar radii and these ions may compete for entry into the same potassium channels in plant root. Also, Pb effects on K-ATPase on the cell membrane cause an efflux of K from plant root (Pourrut et al. 2011) . Pourrut et al., (2011) demonstrated that Pb does not compete with nitrogen (N). However, the reduction in the content of N in plant could be induced by the reduced N assimilation process (e.g. reduced the activity of nitrate reductase enzyme), as indirect effect for Pb toxicity.
Irrespective of Pb treatments, in both seasons of the study, all biofertilizer inoculations significantly increased the contents of macronutrient and micronutrient in the lettuce shoots, except in few cases, where the content of Zn did not show any significant change with AMF or B. megaterium applications, only in the second season, in comparison to the control (Table 4 and 5). The data in Table ( 4) showed that, the highest contents of macronutrient (N, P, K and Ca) in lettuce shoots were noted with the mixed inoculation (AMF + B. megaterium), with no significant differences with the contents of N and K during(both seasons) compared with AMF application. The highest contents of micronutrients (Fe, Zn and Mn) in the lettuce shoots were remained in the mixed inoculation treatment except Mn with AMF in the first season, without significant differences among the contents of Mn obtained from AMF in the second season only and B. megaterium (second season). The mixed inoculation (AMF + B. megaterium) enhanced the contents of N by 16.50 % and 17.23 %, P by 19.44 % and 20.00 %, K by 11.30 % and 12.18 %, Ca by 21.11 % and 22.80 %, Fe by 22.86 % and 24.29 %, Zn by 16.53 % and 13.34 % as well as Mn by 8.69 % and 10.40 % in the first and second seasons, respectively. Previous studies showed that AMF enhanced uptake macronutrient and micronutrients such as N, P, K, Zn, Cu, Mn and Fe in plant (Liu et al. 2000; Berruti et al. 2016) . Table 4 : The contents of macronutrient (N, P, K and Ca) in lettuce shoots as affected by lead, biofertilizer inoculations and their interaction during both seasons. However, Konieczny and Kowalska (2017) reported that AMF decreased the contents of Cu, Fe, Mn and Mo in lettuce plants. Berruti et al., (2016) have demonstrated that nutrient exchange between AMF and plant depends on several factors, including the acquisition of surplus resources and environmental conditions. The increase in P and N contents was also reported in wheat after the incubation with B. megaterium (El-Razek and El-Sheshtawy, 2013) . Among all the combinations between the different levels of Pb and biofertilizer inoculations, our results showed that the lettuce plants grown with 0 ppm Pb and fertilized with the mixed inoculation (AMF + B. megaterium) exhibited the highest contents of all tested macronutrient and micronutrient in the two successive seasons, with in significant differences in some values of nutrient contents that observed with AMF or B. megaterium (Table 4 and 5). The data also showed that, under Pb polluted soil, the mixed inoculation (AMF + B. megaterium) showed superior effects for increasing the contents of macronutrient and micronutrient in the lettuce shoots, relative to the corresponding control, in both seasons. For example, the treatment with the mixed inoculation (AMF + B. megaterium) increased the contents of N, P, K, Ca and Fe, under the highest level of Pb (300 ppm), compared with the treatment of 300 ppm Pb+ no biofertilizer.
The content of Pb in different parts of lettuce
The data in Table 6 indicated that, in both seasons, the contents of Pb in different parts (old leaves, new leaves and roots) of lettuce increased by the elevated Pb in soil. The treatment with 300 ppm Pb showed the highest contents of Pb in all the tested parts. Obviously, root tissues accumulated the highest level of Pb, followed by the old leaves and then the new leaves, under the different level of Pb. Such results were supported by Meyers et al., (2008) and Uzu et al., (2009) who showed that Pb is mainly accumulated in the roots of Brassica juncea and Lactuca sativa, respectively. Wierzbicka et al., (2007) reported that the major amount of absorbed Pb (93 to 98 %) is stored in the plant root tissues as an insoluble form. Thus, only a lesser part of Pb is translocated from root to aerial plant parts.
The data in Table 6 also showed that all biofertilizer inoculations significantly decreased the contents of Pb in plant parts, comparing with the control (non-biofertilized soil), in both season. In both seasons of the study, the mixed inoculation (AMF + B. megaterium) was the most efficient treatment for reducing the contents of Pb in the old and new leaves, without in significant differences between the values that obtained with AMF. The mixed inoculation reduced the content of Pb in the old leaves by 39.26 % and 38.41 % as well as in the new leaves by 34.27 % and 33.33% in the first and second seasons, respectively. It is worth to mention that, the B. megaterium showed better efficiency for reducing the content of Pb in root than that of AMF and the mixed inoculation. B. megaterium is freeliving bacteria in soil, while AMF colonize plant root (attached to root). Also, Ouziad et al., (2005) and Achakzai et al., (2012) reported that AMT reduces the Pb uptake by different strategies such as the immobilization in the external or internal hyphae, store heavy metal in their vacuole and chelate them in cytoplasm. Such differences in lifestyle and Pb reducing strategies may explain the better performance for B. megaterium in reducing the content of Pb in roots.
The interaction effects on Pb contents in the different parts (old leaves, new leaves and roots) of lettuce, for both seasons, were presented in Table  ( 6). The mixed inoculation (AMF + B. megaterium) exhibited superior effects for decreasing the contents of Pb in the old and new leaves under 100 and 300 ppm Pb, in both growing seasons. However, the application with B. megaterium in the high polluted soil (300 ppm Pb) showed better performance in reducing the content of Pb in root, compared to the corresponding controls and other biofertilizer treatments. 
